
 

Appendix A 
APPENDIX A1 ALL SPRAY ICE DENSITIES 
Density (lb/ft^3) 

 
              

          
     

     
     
     
      

 
 

        
       
      
       
     
       
         
         
          
         
         
         
          
         
         
            
         
         
         
         

    
          

0.118 error^2
Ivik Oooguruk

 
Natchiq 3.689 5.161150876

 
0.12 3.7 5.392404

42.6 37.1 40.7  mean 40.9 25 0 3.4E-05 0.11 3.7 5.68403
39.1 37.9 43.0  stdev 5.2 26 0 0.00013 0.023616 0.000557731 0.13 3.7 5.612113
45.4 43.0 44.3  min 29.5 27 0 0.00043 0.073762 0.005440862 0.115 3.7 5.464027
36.6 32.2 34.9  max 57.2 28 0 0.00125 0.200234 0.040093602 0.125 3.7 5.449926
38.5 39.9  count 245 29 0 0.0032 0.478681 0.229135363 0.12 3.65 7.761937
35.1  40.7     30 2 0.00736 1.019556 0.961271024 0.12 3.69 5.175588
38.0  

 
45.4     31 0 0.01534 1.954829 3.821356207 0.12 3.71 5.951197
44.3 32 4 0.02924 3.40503 0.35398963 0.12 3.68 5.356063

36.7 45.1  33 4 0.05141 5.43251 2.052085646 0.11 3.69 5.345287
32.4 53.0 40.9  34 4 0.08406 7.997029 15.97624089 0.115 3.69 5.185718
41.0 51.7  35 12 0.12868 10.93355 1.137314391 0.12 3.695 5.236059
39.3 49.9 36.4  36 14 0.18569 13.9659 0.001162808 0.118

 
3.689 5.161151

 43.5 51.8 39.1  37 14 0.25408 16.75602 7.595666727
41.5 43.1 34.5  38 18 0.33152 18.97421 0.949094418
40.9 44.6 37.1  39 26 0.41466 20.36795 31.72003245
45.0 34.1  40 22 0.49959 20.80897 1.418560876
41.3 33.0 33.3  41 20 0.58248 20.30704 0.094276471
39.7 32.0 34.7  42 20 0.66 18.99201 1.016040949
43.3 47.1 39.6  43 12 0.72969 17.07402 25.74569986
38.0 43.7  44 14 0.79008 14.79589 0.633440618
35.8 43.5 57.2  45 8 0.84065 12.39054 19.27681701
38.5 47.5 46.9  46 9 0.88167 10.05071 1.103982503
42.3 47 6 0.91398 7.913935 3.663148913
47.7 37.5 38.7  48 8 0.93872 6.060895 3.760126279
41.1 36.4 40.3  49 8 0.95718 4.522954 12.08985224
42.7 29.8 47.1  50 4 0.97062 3.294438 0.497817582
42.0 31.3 41.3  51 4 0.9802 2.345811 2.736341021
38.2  41.3     52 6 0.98687 1.635258 19.05097369
41.2 32.7  53 1 0.99143 1.117493 0.013804702
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Density (lb/ft^3)         0.118 error^2     

Ivik Oooguruk Natchiq        3.689 5.161150876 0.12 3.7 5.392404
42.6 37.1 40.7 mean 40.9 25 0 3.4E-05   0.11 3.7 5.68403
39.1 37.9 43.0 stdev 5.2 26 0 0.00013 0.023616 0.000557731 0.13 3.7 5.612113
45.4 43.0 44.3 min 29.5 27 0 0.00043 0.073762 0.005440862 0.115 3.7 5.464027
36.6 32.2 34.9 max 57.2 28 0 0.00125 0.200234 0.040093602 0.125 3.7 5.449926
38.5 39.9   count 245 29 0 0.0032 0.478681 0.229135363 0.12 3.65 7.761937
35.1 40.7    30 2 0.00736 1.019556 0.961271024 0.12 3.69 5.175588
38.0 45.4    31 0 0.01534 1.954829 3.821356207 0.12 3.71 5.951197

  44.3    32 4 0.02924 3.40503 0.35398963 0.12 3.68 5.356063
36.7 45.1      33 4 0.05141 5.43251 2.052085646 0.11 3.69 5.345287
32.4 53.0 40.9    34 4 0.08406 7.997029 15.97624089 0.115 3.69 5.185718
41.0 51.7      35 12 0.12868 10.93355 1.137314391 0.12 3.695 5.236059
39.3 49.9 36.4    36 14 0.18569 13.9659 0.001162808 0.118 3.689 5.161151
43.5 51.8 39.1    37 14 0.25408 16.75602 7.595666727    
41.5 43.1 34.5    38 18 0.33152 18.97421 0.949094418    
40.9 44.6 37.1    39 26 0.41466 20.36795 31.72003245    
45.0 34.1      40 22 0.49959 20.80897 1.418560876    
41.3 33.0 33.3    41 20 0.58248 20.30704 0.094276471    
39.7 32.0 34.7    42 20 0.66 18.99201 1.016040949    
43.3 47.1 39.6    43 12 0.72969 17.07402 25.74569986    
38.0 43.7      44 14 0.79008 14.79589 0.633440618    
35.8 43.5 57.2    45 8 0.84065 12.39054 19.27681701    
38.5 47.5 46.9    46 9 0.88167 10.05071 1.103982503    
42.3      47 6 0.91398 7.913935 3.663148913    
47.7 37.5 38.7    48 8 0.93872 6.060895 3.760126279    
41.1 36.4 40.3    49 8 0.95718 4.522954 12.08985224    
42.7 29.8 47.1    50 4 0.97062 3.294438 0.497817582    
42.0 31.3 41.3    51 4 0.9802 2.345811 2.736341021    
38.2 41.3    52 6 0.98687 1.635258 19.05097369    
41.2 32.7      53 1 0.99143 1.117493 0.013804702    
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APPENDIX A2:  ROAD ICE DENSITY 

Date  

        

            
            
           
            

          
          
        0.801   
          
          
           
            

            
           
            

           
           
          

            
           
            

            

Location
Designatio

n No.
Length 

1 
Length 

1 
Length 

2 Length 2 Weight Density
Densit

y Salinity

(inch) (16ths) (inch) (16ths) (g/cc)(g) 
(lb/cu.f

t) (ppt)
8 Feb 03 70 30 08  150 13 03 1 5 3 5 3 871 0.869 54.3   

2 5 4 5  871 0.864 54.0
3 5 12 5 11

 
911 0.824 51.5

4 5 8 5 7 890 0.842 52.6
5 7 5 7 916 0.872 54.5

 70 29 57  150 14 10 A1 1 5 7 5 7 0.851 53.2 A1 
 

0.4 
2 4 15 4

Stake

A2 
3

5
894 

 12
 

801 0.856 53.5 0.0
3 5 6 5 6 909 0.875 54.7 0.3
4 4 14 4 13

 
750 50.1 3.4

5 5 7 5 7
 

 931 0.886 55.4 0.1
 mean 0.854 53.4 0.8
 stdev
 

0.024 1.5 1.3

8 Feb 03 70 27 03  150 12 07 P4 1 5 13 5 13 851 0.758 47.3   
2 4 12 4 13

 
732 0.792 49.5

3 4 9 4 8 719 0.821 51.3
4 6 1 6 1 898 0.766 47.9

 70 26 43  150 11 50 P3 1 5 12 5 11 857 0.775 48.5 P3 
 

0.0 
2 5 15 5 14 977 0.856 53.5 0.3
3 5 14 5 14

 
858 0.756 47.2 1.6

4 5 8 5 7 930 0.880 55.0 2.2
 70 26 07  150 11 02 P2 1 5 5 5 6 812 0.786 49.1   

2 5 11 5 11
 

904 0.822 51.4
3 4 8 4 8 765 0.880 55.0
4 4 5 4 4 714 0.863 53.9

 70 26 00  150 08 52 P1 1 5 7 5 7 902 0.858 53.6   
2 5 3 5 3 834 0.832 52.0
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Date  

        
        
            
          
           
            
             

          
            

      
            
            
          
           
            
             

           
           
           
           

Location
Designatio

n No.
Length 

1 
Length 

1 
Length 

2 Length 2 Weight Density
Densit

y Stake Salinity

(inch) (16ths)
 

(inch)
 

 (16ths)
 

 (g/cc)(g) 
(lb/cu.f

t) (ppt)
 3 5 5 5 5 898 0.875 54.7

4 4 11 4 11
 

808 0.892 55.7
 mean 0.826 51.6 1.0
 stdev
 

0.048 3.0 1.0

18 Feb 03 100 ft NE of IVIK Ramp 
  

1 1 5 6 5 6 856 0.824 51.5   
2 5 9 5 9 942 0.876 54.8
3 5 1 5 0 836 0.860 53.7

 
mid way Ivik ramp and road to 

Oooguruk 1 1 5 1 5 1 821 0.839 52.4
2 4 15 4 12 804 0.859 53.7
3 2 11 2 11

 
443 0.853 53.3

 mean 0.852 53.2
 stdev
 

0.02 1.1

 
overall 
mean 0.839 52.5

 stdev 0.039 2.5
 stderror 0.007 0.4
 samples 32
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APPENDIX A3:  NATCHIQ ICE ISLAND DENSITY DATA 

  top = 1             

NATCHIQ 
Overall 

Statistics
 

  
     
      

             
             

              
              
               
             
             
        
                

               
               

               
         
               
               
                
               
               
         
                

              
                
               
              
               

Date 
 

Location 
 

Number
 

Length 1
 

Length 1Length 2
 

Length 2Weight
 

 Density Density Salinity
 

Density Salinity
(inch) (16ths) (inch) (16ths) (g) (g/cc) (lb/cu.ft) (ppt) (lb/cu.ft)

 
(ppt)

13 Feb 03
 

1 1 4 15 4 13 614 0.652 40.7  mean 41.0 #DIV/0!
2 4 12 4 13 635 0.687 43.0  stderr 0.5 #DIV/0!
2 3 12 3 15 526 0.708 44.3  min 33.3 0.0
4 4 14 4 12 520 0.559 34.9  max 57.2 0.0

  stdev 4.9 #DIV/0!
2 1 4 13 4 13 605 0.651 40.7   samples

 
91 0

2 4 6 4 2 596 0.726 45.4  cores 20 3
3 3 8 3 12 497 0.709 44.3   days 7

  
14 Feb 03

 
3 1 4 14 4 15 621 0.655 40.9  

  
2 1 5 5 5 6 601 0.582 36.4  

2 5 0 4 14 597 0.626 39.1   
3 4 8 4 8 480 0.552 34.5  
4 3 8 3 9 405 0.593 37.1  

  
1 1 5 13 5 9 586 0.533 33.3  

2 3 4 3 9 366 0.556 34.7  
3 3 5 3 10 425 0.634 39.6   

  
16 Feb 03 

 
7E 1 4 2 3 14 707 0.915 57.2         

2 3 12 3 12 544 0.751 46.9  
  

NS-14
 

1 4 12 4 13 572 0.619 38.7  
2 4 13 4 13 599 0.644 40.3  
3 4 6 4 4 628 0.754 47.1  
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  top = 1             

NATCHIQ 
Overall 

Statistics   
Date Location NumberLength 1Length 1Length 2Length 2Weight Density Density Salinity      Density Salinity 

   (inch) (16ths) (inch) (16ths) (g) (g/cc) (lb/cu.ft) (ppt)      (lb/cu.ft) (ppt) 
               
               
                

              
               
                
               
               
         
               
                
               
               
               
                
               
               
               
               
                

              
               
                
               
               
         
                

4 5 8 5 6 695 0.661 41.3  
5 5 7 5 9 703 0.661 41.3  

  
17 Feb 03 

 
NS8 1 4 2 4 0 518 0.660 41.2         

2 4 15 4 15 638 0.669 41.8  
3 5 1 5 0 605 0.622 38.9  

  
E7 1 5 3 5 3 586 0.585 36.5  

2 3 3 3 3 397 0.644 40.3  
3 3 5 3 11 544 0.804 50.3   
4 3 7 3 8 446 0.665 41.6  

  
F6 1 5 12 5 14 749 0.667 41.7  

2 2 8 2 7 394 0.826 51.6  
3 2 9 2 9 438 0.884 55.3  

  
F4 1 5 14 5 13 739 0.654 40.9  

2 5 3 5 2 607 0.609 38.1  
3 4 13 4 12 532 0.576 36.0  
4 2 15 3 0 335 0.584

 
 36.5  

  
20 Feb 03 

 
3 1 4 4 4 1 648 0.807 50.4         

2 3 3 3 1 464 0.768 48.0  
3 2 13 2 15 420 0.756 47.2  

  
2 1 3 5 3 8 478 0.726 45.4  

2 3 4 3 1 408 0.669 41.8  
3 4 9 4 11 683 0.764 47.8   
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  top = 1             

NATCHIQ 
Overall 

Statistics   
Date Location NumberLength 1Length 1Length 2Length 2Weight Density Density Salinity      Density Salinity 

   (inch) (16ths) (inch) (16ths) (g) (g/cc) (lb/cu.ft) (ppt)      (lb/cu.ft) (ppt) 
               
               
               
               
                

             
               
               
                

            
               
               
               
               
               
                

              
               
               
               
               
                

         
               
         

1 1 4 7 4 603 0.693 43.3  
2 5 1 5 1 657 0.672 42.0
3 4 11 4 11  0.653 40.8  
4 4 15 5 0 599 0.624 39.0  

  
22 Feb 03

 
 70 28 51.2 150 06 35.5

 
3 15 4 0 559 0.729 45.6 fresh     

9
 

592

1    
2 3 10 3 8 535 0.777 48.6  
3 3 12 3 13 548 0.750 46.9  
4 4 2 4 1 606 0.766 47.9  

  
 70 28 51.4 150 06 21.6

 
1 3 6 3 6 378 0.580 36.2 reworked

  
      

2 3 10 3 10 410 0.585 36.6  
3 3 11 3 11 452 0.634 39.6  
4 3 0 3 0 370 0.638  
5 3 2 3 1 330  34.5  
6 3 7 3 7  0.668 41.8  
7 3 8 3 437 0.646 40.4  

  
 70 28 47.7 150 06 24.6

 
1 3 3 3 463 0.752 47.0 fresh        
2 7 3 8 417 0.622 38.9  

2 14 2 14 344 0.619 38.7  
4 3 13 3 13 444 0.603 37.7  
5 4 2 4 1 463 0.585 36.6  
6 4 7 4 8 549 0.636 39.7  

  
26 Feb 03 3 1 3 5 3 5 416 0.650 40.6        

2 2 8 2 10 336 0.678 42.4  
3 3 1 3 1 361 0.610 38.1
4 3 0 2 14 367 0.646 40.4   

 

 39.9
 0.552

444
8

3 
3

3
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  top = 1            

NATCHIQ 
Overall 

Statistics
 

  
     
      

              
               
               
               
               
                
               
               
               
         
               
         
               
               
               
               
                
               
               
               
               
               
               
               
               
               

Date 
 

Location 
 

Number
 

Length 1
 

Length 1Length 2
 

Length 2Weight
 

 Density Salinity
 

Density Salinity
(inch) (16ths) (inch) (16ths) (g) (g/cc) (ppt) (lb/cu.ft)

 
(ppt)

 
Density
(lb/cu.ft)

5 3 14 3 14 422 0.564 35.2  
6 3 1 3 1 352 0.595 37.2  
7 2 13 2 13 299 0.550 34.4  
8 3 1 3 1 337 0.569 35.6  
9 1 13 1 13 191 0.545 34.1  

  
2 1 2 13 2 14 314 0.571 35.7  

2 2 9 2 3 264 0.575 35.9  
3 3 8 3 8 424 0.627 39.2  
4 4 0 3 15 483 0.630 39.4   
5 2 13 2 11 349 0.657 41.0  
6 3 1 2 15 310 0.535 33.4   
7 2 13 2 14 337 0.613 38.3  
8 2 12 2 13 306 0.569 35.6  
9 2 14 2 14 312 0.562 35.1  

10 1 13 1 14 196 0.550 34.4  
  

1 1 3 7 3 8 471 0.703 43.9  
2 2 5 2 8 322 0.692 43.3  
3 3 9 3 9 502 0.729 45.6  
4 3 8 3 8 479 0.708 44.3  
5 4 5 4 5 527 0.632 39.5  
6 4 3 4 3 549 0.678 42.4  
7 2 8 2 5 310 0.667 41.7  
8 4 15 4 14 665 0.701 43.8  
9 2 15 3 0 389 0.678 42.4  
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APPENDIX A4:  IVIK ICE ISLAND DENSITY DATA 

              
  

              
    

               
                
               
               
               
                
                 

     
                
                
                
               
               
                 
                 
                 
                 
                  
                  
                 
                 
                  
                  
                 
                  
                 
                  

 
top 
= 1  

Daily 
Statistics  IVIK Overall Statistics

Date Stake No. Length 1 Length 1 Length 2 Length 2 Weight Density Density Stake Salinity  Density Salinity Density Salinity
(inch) (16ths) (inch) (16ths) (g) (g/cc) (lb/cu.ft) (ppt)  (lb/cu.ft) (ppt) (lb/cu.ft) (ppt)

02 Feb 03 G5 1 3 13 4 0 514 0.681 42.6   mean 39.3 14.0 mean 40.1 12.3
2 5 9 5 10 676 0.625 39.1 min 35.1 7.9 stderr 0.6 1.5
3 3 9 3 9 500 0.726 45.4 max 45.4 26.1 min 31.7 7.9

G5 1 6 3 6 3 701 0.586 36.6 G5 26.1 stdev 3.5 8.3 max 49.7 26.1
2 5 14 5 15 704 0.617 38.5 12.6 samples

 
7 4 stdev 4.0 5.0

3 5 2 5 5 567 0.562 35.1 7.9 stderr 1.3 4.1 samples 49 11
4 5 3 5 3 609 0.607 38.0 9.5 cores 2 1 cores 12 44

days 3
03 Feb 03 D6 1 4 4 4 3 479 0.588 36.7 D6 14.7 mean 40.4 11.3

2 4 0 4 14 444 0.518 32.4 8.4 min 32.4 8.4
3 4 10 4 11 591 0.657 41.0 12.4 max 47.7 14.7 IVIK and OOGURUK
4 4 15 4 14 596 0.629 39.3 11.3 stdev 3.3 2.0 mean 40.8
5 4 9 4 9 614 0.696 43.5 11.7 samples

 
26 7 stderr 

 
0.6

6 3 12 3 11 477 0.664 41.5 10.6 stderr 0.6 0.8
7 4 5 4 5 545 0.654 40.9 9.8 cores 6 1

E7 1 4 4 4 3 587 0.720 45.0
2 4 14 5 0 630 0.660 41.3
3 4 2 3 15 495 0.635 39.7
4 4 14 4 14 652 0.692 43.3
5 4 14 4 14 573 0.608 38.0

F6 1 5 3 5 2 570 0.572 35.8
2 5 0 4 15 592 0.617 38.5
3 4 2 4 2 539 0.676 42.3
4 3 7 3 9 516 0.763 47.7

G5 1 5 4 5 3 663 0.657 41.1
2 5 6 5 6 709 0.683 42.7
3 4 0 3 12 503 0.672 42.0
4 5 1 5 1 598 0.611 38.2
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top 
= 1           

Daily 
Statistics  IVIK Overall Statistics   

Date Stake No. Length 1 Length 1 Length 2 Length 2 Weight Density Density Stake Salinity  Density Salinity  Density Salinity 
   (inch) (16ths) (inch) (16ths) (g) (g/cc) (lb/cu.ft)  (ppt)  (lb/cu.ft) (ppt)  (lb/cu.ft) (ppt) 
                 
                  
                 
                  
                 
                  
                  

    
                
                 
               
                 
                
                 
                 
                 
                  
  3 4 2 4 2 618 0.775 48.5         
   5 14 5 14 821 0.723 45.2         
 F6 1  7 5 7 641 0.610          
  2 4 8 4 9 444  31.7         
  3                
     5 0            
                  

Chipped Ice  

                  

                  
42.0 chipped  

   4  4   0.791 49.5         
   5 0 5 0   42.1         

H4 1 3 13 3 10 474 0.660 41.2
2 5 1 5 2 610 0.620 38.7
3 4 1 3 15 462 0.598 37.4
4 3 12 3 12 433 0.597 37.3

F4 1 4 7 4 7 555 0.647 40.4
2 4 12 4 14 681 0.732 45.8

05 Feb 03 F4 1 4 5 4 9 470 0.548 34.3   mean 39.9 #DIV/0!
2 2 8 2 10 326 0.658 41.1 min 31.7 0.0
3 5 10 5 11 658 0.602 37.6 max 49.7 0.0

H4 1 5 9 5 8 748 0.700 43.7 stdev 5.2 #DIV/0!
2 4 9 4 8 540 0.617 38.5 samples 16 0
3 3 11 3 12 469 0.653 40.8 stderr 1.3 #DIV/0!
4 4 12 4 13 536 0.580 36.3 cores 4 0
5 5 11 5 7 654 0.608 38.0

G5 1 5 13 5 14 812 0.719 44.9
2 3 11 3 11 567 0.796 49.7

4
5 38.1

0.507
4 5 4 4 460 0.556 34.7

4 5 3 564 0.573 35.8

                 

On

Island
13 Feb 03  1 4 11 4 10 604 0.671       

2 11 11 717  chipped
3 651 0.674  spray
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top 
= 1           

Daily 
Statistics  IVIK Overall Statistics   

Date Stake No. Length 1 Length 1 Length 2 Length 2 Weight Density Density Stake Salinity  Density Salinity  Density Salinity 
   (inch) (16ths) (inch) (16ths) (g) (g/cc) (lb/cu.ft)  (ppt)  (lb/cu.ft) (ppt)  (lb/cu.ft) (ppt) 
  4   4 3   42.4 spray        
                  
   5 9 5 9 920 0.856        
     3   0.741 46.3        
  3   4 5   45.0 spray        
  4 4   0 625   spray        
    4 5 4 641 0.632         
                  
  1   4 8 738 0.837 52.3 water        
     5 9 681 0.633 39.6 spray        
     5 10 673          
      15           
      1 426          
       458          
                  

1 0.853 
  2       49.0        
   2      52.4         
                  
    12 4 12    chipped        
    3 4 3          
     3 8   49.9        
                  

4 12 0.859 53.7 chipped 
  2 5 13 5 10  0.714 44.6 chipped        
   4    713          
  4    14   44.1         
                  
   1 4 2 645   chipped        
  2 4   14   50.7         
  3 4 5 4 4  0.844        

4 3 549 0.678

1 53.5 chipped 
2 4 0 15 568  chipped 

4 5 600 0.720
0 4 0.809 50.5

5 5 39.5 spray

4 10
2 5 9
3 5 10 0.619 38.7 spray
4 5 15 5 764 0.666 41.6 spray
5 4 2 4 0.538 33.7 spray
6 3 15 3 15 0.602 37.6 spray

14 Feb 03 2 4 8 4 7 737 53.3 chipped        
3 0 3 1 459 0.784  chipped 

3 14 2 13 461 0.839  chipped

1 1 4 780 0.850 53.1
2 4 602 0.744 46.5 chipped 
3 3 8 540 0.798  chipped 

17 Feb 03 2 1 4 11 783        
789

3 11 4 11 0.787 49.2 chipped
3 14 3 529 0.706  chipped

1 1 4 0.815 51.0
15 4 769 0.811  chipped

698 52.7 chipped 
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top 
= 1           

Daily 
Statistics  IVIK Overall Statistics   

Date Stake No. Length 1 Length 1 Length 2 Length 2 Weight Density Density Stake Salinity  Density Salinity  Density Salinity 
   (inch) (16ths) (inch) (16ths) (g) (g/cc) (lb/cu.ft)  (ppt)  (lb/cu.ft) (ppt)  (lb/cu.ft) (ppt) 
                  

18 Feb 03 1 1 5 9 chipped   
  2   5    52.8        
    2 5 1  0.828        
   2    445          
                  
 2    2 15 478 0.824 51.5        
    6 5 5 883 0.855        
   5 6 5 5 891   chipped        
                  
 3 1 4 2 4 2   45.9 chipped        
  2 4 3 4 2  0.796 49.7 chipped        
  3 5   0 703 0.728 45.5 chipped        
                  
 4    4 6 674 0.792        

2 4 0 3 14 639  chipped        
   4 3 4 4   44.5        
  4 3 11 3 10  0.794         
                  
                  
                  
                  
                
                  
                  
       std error  0.6         
                  

 

9 5 826 48.0      
5 9 9 908  chipped 

3 5 815 51.7 chipped 
4 15 2 14 49.5 chipped

 1 3 1  chipped 
2 5 53.4 chipped 
3 53.9

585
639

0 5

1 4 7 49.5 chipped 
   52.5

3 581  chipped 
561 49.6 chipped

 mean chipped 49.7
stdev 3.3
count 31

0.768 
0.845

0.792

0.863

0.734

0.840
0.713
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APPENDIX A5: OOOGURUK ICE ISLAND DENSITY DATA 

               
Length 1 Length 2 Weight Density

   (inch) (16ths)       (ppt)     (ppt) 
                

                

               

                

               

                

                

                

 H7               

     5 2 840  53.0        

                

                

                

 H6                

        0.714         

                 

                  

        0.513 32.0         

                  

                 

       634           

                 

                  

         37.5         

       542           

         29.8         

                 

OOOGURUK 
Overall 

Statistics
top 
= 1 

Daily 
Statistics  

Date Stake No. Length 1 Length 2 Density Stake Salinity  Density Salinity  Density Salinity 
(inch) (16ths) (g) (g/cc) (lb/cu.ft) (lb/cu.ft) (ppt) (lb/cu.ft)

3-Feb-03 H4 1 3 12 3 14 437 0.593 37.1 mean 38.0 22.7 mean 41.2 15.9

2 5 12 5 13 678 0.607 37.9 min 32.2 22.0 stderr 0.5 2.2

H4 1 4 6 4 3 569 0.688 43.0 H4 23.6 max 43.0 23.6 min 29.5 7.5

2 4 15 4 15 492 0.516 32.2 22.5 stdev 4.0 0.8 max 55.5 23.6

3 4 10 4 10 571 0.639 39.9 22.0 samples 5 3 stdev 5.9 6.2

stderr 1.8 0.5 samples 134 8

cores 2 1 cores 59 2

 days 14

5-Feb-03 1 5 1 5 2 711 0.722 45.1 H7 15.5 mean 44.3 11.8

2 5 2  0.848 15.3 min 32.0 7.5

3 5 1 5 1 810 0.828 51.7 11.1 max 53.0 15.5

4 3 7 3 8 535 0.798 49.9 7.5 stdev 6.9 3.5

5 3 14 3 14 621 0.829 51.8 9.7 samples 14 5

1 3 10 3 11 487 0.689 43.1 stderr 1.8 1.6

2 5 1 5 0 694 44.6 cores 3 1

3 4 0 3 12 409 0.546 34.1

4 4 11 4 11 479 0.529 33.0

5 4 14 4 15 486

F6 1 4 15 4 14 714 0.753 47.1

2 5 2 5 2 693 0.700 43.7

3 4 11 4 12 0.695 43.5

4 5 4 5 3 767 0.760 47.5

12-Feb-03 g5 1 4 15 4 15 573 0.600

2 4 12 4 14 0.583 36.4

3 3 14 3 13 354 0.477

4 4 0 4 1 390 0.501 31.3
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top 
= 1              

Length 1 Length 2 Weight Density
   (inch) (16ths)       (ppt)     (ppt) 
                  

   3 0 3 4 316 0.523 32.7         

                 

                 

                  

                  

        46.9         

                  

    11     51.6         

                 

        49.3         

                  

                  

         42.9         

  2 5 2 5 1 690 0.701 43.8         

        39.4         

                  

                  

         39.0         

  3 2 13 2 12 377 0.701          

                  

        38.5         

                  

 4    5 0 811 0.839          

        44.0         

         48.7         

     4  690  48.9         

                  

                  

                 

OOOGURUK 
Overall 

Statistics
Daily 

Statistics  
Date Stake No. Length 1 Length 2 Density Stake Salinity  Density Salinity  Density Salinity 

(inch) (16ths) (g) (g/cc) (lb/cu.ft) (lb/cu.ft) (ppt) (lb/cu.ft)

f6 1

2 5 0 4 15 453 0.472 29.5

3 3 6 3 4 326 0.509 31.8

f?

2 4 3 4 4 612 0.751

14-Feb-03 g5 1 2 2 13 439 0.826

2 3 2 3 6 508 0.809 50.6

3 5 0 5 2 771 0.788

4 4 13 4 12 598 0.647 40.4

g7 1 4 11 4 15 638 0.686

3 4 5 3 15 503 0.631

e7 1 4 13 4 15 597 0.634 39.6

2 4 13 4 14 584 0.624

43.8

4 3 15 3 13 461 0.616 38.5

5 4 0 4 2 483 0.615

16-Feb-03 1 5 0 52.5

2 4 7 4 3 587 0.704

3 3 15 4 1 602 0.779

4 4 9 9  0.783

5 3 13 3 7 535 0.764 47.7

3 1 4 1 4 0 604 0.775 48.5
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top 
= 1              

Length 1 Length 2 Weight Density
   (inch) (16ths)       (ppt)     (ppt) 
         39.9         

        40.1         

   4 13 4 11 565 0.615 38.5         

         39.0         

                  

                 

      0  0.701          

        40.9         

                  

                  

                  

     4             

         34.7         

                  

                  

                  

        51.5         

                  

                 

                  

 7g    3   55.0         

        49.5         

         51.9         

                 

                  

39.7   

        39.1         

                 

    11              

                  

OOOGURUK 
Overall 

Statistics
Daily 

Statistics  
Date Stake No. Length 1 Length 2 Density Stake Salinity  Density Salinity  Density Salinity 

(inch) (16ths) (g) (g/cc) (lb/cu.ft) (lb/cu.ft) (ppt) (lb/cu.ft)
2 4 15 4 14 606 0.639

3 4 0 4 4 512 0.642

4

5 3 13 3 14 463 0.623

2 1 4 8 4 8 635 0.730 45.6

2 5 1 5 682 43.8

3 3 1 2 15 379 0.654

4 3 10 3 12 481 0.675 42.2

1 1 3 13 3 14 552 0.743 46.4

2 4 14 14 613 0.651 40.7

3 4 14 4 15 526 0.555

4 4 13 4 11 563 0.613 38.3

5 4 14 4 5 492 0.554 34.6

20-Feb-03 7e 1 3 6 3 11 562 0.824

2 2 13 2 12 420 0.781 48.8

3 2 7 2 7 362 0.768 48.0

1 3 2 7 558 0.880

2 2 8 2 7 378 0.792

3 2 11 2 9 421 0.830

4 4 8 4 8 772 0.888 55.5

23-Feb-03 70 31 56.7 150 10 40.0 1 4 8 4 9 556 0.635       

2 4 6 4 5 525 0.625

3 4 4 4 4 479 0.583 36.4

4 3 3 12 418 0.582 36.4

5 3 15 4 0 446 0.581 36.3
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top 
= 1              

Length 1 Length 2 Weight Density
   (inch) (16ths)       (ppt)     (ppt) 
                 

                  

  

       502           

                  

                 

                 

         37.0         

  7 3 4 3 3  0.630          

                  

   

        37.1         

                 

                  

          reworked       

        40.3         

    3   403 0.648 40.5         

                  

        38.0         

                  

                 

        37.1         

                  

                  

                 

         39.9         

        40.4         

         38.7         

        37.8         

                  

OOOGURUK 
Overall 

Statistics
Daily 

Statistics  
Date Stake No. Length 1 Length 2 Density Stake Salinity  Density Salinity  Density Salinity 

(inch) (16ths) (g) (g/cc) (lb/cu.ft) (lb/cu.ft) (ppt) (lb/cu.ft)
6 3 9 3 9 386 35.0

70 31 60.9 150 10 44.2 1 4 4 4 4 571 43.5        

2 4 4 4 4 38.2

3 2 14 2 13 333 37.9

4 4 8 4 9 502 35.8

5 4 2 4 2 461 36.1

6 2 15 3 0 340

392 39.4

 70 31.601 150 10.356 1 3 8 3 10 396 35.9 reworked     

2 4 3 4 3 481

3 4 3 4 3 596 46.0

26-Feb-03 2 1 2 7 2 5 304 41.4

2 3 8 3 9 440

3 3 3 4

4 3 14 3 14 479 40.0

5 2 8 2 11 305

6 3 12 3 12 433 37.3

7 3 3 3 3 350 35.5

8 3 7 3 6 391

9 2 11 2 7 298 37.6

1 1 2 9 2 11 256 31.5

2 2 15 2 15 362

3 2 5 2 5 289

4 3 15 3 14 468

5 3 2 3 3 369

 0.561

0.695 

 0.611

0.606

 0.573

 0.578

0.593

0.575 

 0.594

 0.736

 0.662

 0.645

0.640

 0.608

0.597

 0.568

 0.594

0.602

 0.505

0.638

 0.647

0.620

 0.605
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top 
= 1              

Length 1 Length 2 Weight Density
   (inch) (16ths)       (ppt)     (ppt) 

       
17-Mar-03 

      

               

 8 2 115.5 115.5 98 50.9         

     47.9       

     44.6         

             

             

36.6      

  

Daily 
Statistics  

OOOGURUK 
Overall 

Statistics
Date Stake No. Length 1 Length 2 Density Stake Salinity  Density Salinity  Density Salinity 

(inch) (16ths) (g/cc) (lb/cu.ft) (lb/cu.ft) (ppt) (lb/cu.ft)

44 11 107 107 98 807.099 422.8 0.52385 32.7

45 12 112.2 112 98 845.5682 460 0.54401 34.0

47 13 116.3 98 877.2488 503.3 0.57373

  48 14 93 94 98 705.2688 410 0.58134 36.3           

75.5" to 114" 76 15 117.4 117 98 884.0374 459.3 0.51955 32.5         

81 16 93 91.8 98 696.9715 379.6 0.54464 34.0

86 17 79.8 79.8 98 601.9299 357.6 0.59409 37.1

92 18 93.5 93.5 98 705.2688 409.2 0.5802 36.3

97 19 85 85.8 98 644.1706 490 0.76067 47.5

102 20 130.4 129 97 958.4608 686.9 0.71667 44.8

107 21 113 113 98 852.3569 639.8 0.75062 46.9

  112 22 92.2 92.7 98 697.3486 494.7 0.7094 44.3         

115" to 154" 23 120 120 97 886.7794 619.7 0.69882 43.7         

122 24 100 99 97 735.2879 424.9 0.57787 36.1

127 25 90 90.5 97 666.932 382.6 0.57367 35.9

132 26 116.6 117 97 863.132 573.8 0.66479 41.5

137 27 76.3 77.5 97 568.2778 327.6 0.57648 36.0

(g)

Salinity 
ppt) 

Depth(center of 
sample) 

Length 
(mm) 

Length 
(mm) 

Volume 
(cc) 

Weight 
(g) 

Density 
(g/cc) 

Density 
(lb/ft3)   Dia (mm)

 

0" to 37" 3 1 91 91.5 98 688.2971 597.3 0.86779 54.2

 871.2144 710.1 0.81507

13 3 104 104 98 784.4701 601.7 0.76701   

18 4 126 125.5 98 948.5299 677.5 0.71426

23 5 103.1 103.3 98 778.4357 525.4 0.67494 42.2

28 6 132.8 132.8 98 1001.708 590.1 0.58909 36.8

  33 7 114.7 114.3 98 863.6714 505.1 0.58483      

38" to 49" 39 8 130 130 98 980.5876 671.5 0.68479 42.8       

           

    34.9         

              

             

   116.3  35.9         

41 9 135.5 135.2 98 1020.943 585.8 0.57378 35.9   

42 10 116 116 98 874.9859 487.9 0.55761

               

             

             

               

             

             

  

117 
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top 
= 1              

Length 1 Length 2 Weight Density
   (inch) (16ths)       (ppt)     (ppt) 
  28             

             

  

153" to 189" 155 

Daily 
Statistics  

OOOGURUK 
Overall 

Statistics
Date Stake No. Length 1 Length 2 Density Stake Salinity  Density Salinity  Density Salinity 

(inch) (16ths) (g/cc) (lb/cu.ft) (lb/cu.ft) (ppt) (lb/cu.ft)
142 87 87 97 642.9151 400.8 0.62341 39.0

147 29 102 102 98 769.3841 628.8 0.81728 51.1

  152 30 99.7 99.4 98 750.9038 581.9 0.77493 48.4         

31 110 110 97 812.8811 535.8 0.65914 41.2         

162 32 106.3 107 97 788.1252 538.4 0.68314 42.7

168 33 126 126 97 599.3 0.64363 40.2

175 34 143.3 143 97 1057.854 670.1 0.63345 39.6

181 35 99 98.3 97 729.0066 500.4 0.68641 42.9

188 36 60 61.8 97 450.0406 337 0.74882 46.8

Average  0.65527 41.0

0 41.0

200 41.0

(g)

             

     931.1184          
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Appendix B1: Ice Motion Data for Ivik Sea Ice Monument 

Ice Motion Data       
      

     
      
   3 1.73 0.69 
      
      
      
      
    4.00  
      
      
      

-0.97 1.84     
      
      
      
      
      

 -1.04 1.88 29 5.39  
      
      
     2.37 
   36   
      
      

 

Trend analysis 
 

 
 IVIK  0.40 

Date  North East Delta N Delta E Delta r Theta days
 

days^0.5 trend line
05 Feb  6037409.60 476477.58 0.00 0.00 0.00 #DIV/0! 0 0.00 0.00
07 Feb  6037409.29 476477.67 -0.31 0.09 0.32 -73.8 2 1.41 0.57
08 Feb  6037409.45 476477.53 -0.15 -0.05 0.16 -108.4
11 Feb  6037409.49 476477.61 -0.11 0.03 0.11 -74.7 6 2.45 0.98
12 Feb 
17 Feb 

 6037409.72 476477.51 0.12 -0.07 0.14 120.3 7 2.65 1.06
 6037410.82 476477.21 1.22 -0.37 1.27 106.9 12 3.46 1.39

20 Feb  6037410.91 476477.01 1.31 -0.57 1.43 113.5 15 3.87 1.55
21 Feb  6037411.16

6037411.06
476476.86
476476.85

1.56 -0.72 1.72 114.8 16 1.60
22 Feb  1.46 -0.73 1.63 116.6 17 4.12 1.65
23 Feb  6037411.10 476476.76 1.50 -0.82 1.71 118.7 18 4.24 1.70
24 Feb  6037411.18 476476.68 1.58 

1.56 
-0.90 1.82 119.7 19 4.36 1.74

26 Feb  6037411.16 476476.61 121.9 21 4.58 1.83
28 Feb  6037411.11 476476.56 1.51 -1.02 1.82 124.0 23 4.80 1.92
01 Mar  

 
6037411.18
6037411.17

476476.55
476476.57

1.58 
1.57 

-1.03 1.89 123.1 24 4.90 1.96
02 Mar -1.01 1.87 122.8 25 5.00 2.00
03 Mar  

 
6037411.17 476476.54 1.57 -1.04 1.88 123.5 26 5.10 2.04

04 Mar 
06 Mar 

6037411.13
6037411.17

476476.56
476476.54

1.53 -1.02 1.84 123.7
123.5 

27 5.20 2.08
1.57 2.15

10 Mar  6037411.27 476476.55
476476.51

1.67 
1.69 

-1.03 1.96 121.7 33 5.74 2.30
11 Mar  

 
6037411.29 -1.07 2.00 122.3 34 5.83 2.33

12 Mar 6037411.20 476476.52 1.60 -1.06 1.92 123.5 35 5.92
13 Mar  6037411.23 476476.53 1.63 -1.05 1.94 122.8 6.00 2.40
14 Mar  6037411.38 476476.37 1.78 -1.21 2.15 124.2 37 6.08 2.43
15 Mar  6037411.42 476476.30 1.82 -1.28 2.23 125.1 38 6.16 2.47
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Appendix B2: Ice Motion Data for Oooguruk Sea Ice Monument 

         
OOOGURUK    0.13 

Date  North East   
      
   1 1.00  
      
      
  7 2.65  

       
       
       
       
    16   
       
       
     
       
       
       

25 
  0.56 29.7  

27 5.20 0.68 
04 Mar  6040505.05 481867.77  0.38  41.0 28 

    30 
       

481867.83    
       

   

Ice 
Motion 
Data 

 

Trend 
analysis

    
Delta N Delta E Delta r Theta days days^0.5 trend line

04 Feb  6040504.72 481867.39 0.00 0.00 0.00 #DIV/0! 0 0.00 0.00
05 Feb  6040504.77 481867.21 0.05 -0.18 0.19

0.14
164.5 0.13

07 Feb  6040504.70 481867.25 -0.02 
-0.04 

-0.14 -171.9 3 1.73 0.23
08 Feb  6040504.68 

6040504.77 
481867.30 -0.09 0.10

0.10
-156.0
150.9 

4 2.00 0.26
11 Feb  481867.30 0.05 -0.09 0.34
12 Feb  6040504.84 481867.46 0.12 0.07

0.24
0.14 59.7 8 2.83 0.37

17 Feb  6040505.03 481867.63
481867.66

0.31 0.39 52.3 13 3.61 0.47
18 Feb 
19 Feb 

 
 

6040505.03 0.31 0.27 0.41 48.9 14 3.74 0.49
0.506040505.03 481867.71

481867.63
0.31 0.32

0.24
0.45 44.1

55.6
15 3.87

20 Feb  6040505.07 0.35 0.42 4.00 0.52
21 Feb  6040505.08 481867.74

481867.83
0.36 0.35 0.50 45.8 17 4.12 0.54

22 Feb  6040505.04 0.32 0.44 0.55 36.4 18 4.24 0.55
23 Feb  6040505.08 481867.83 0.36 0.44 0.57 39.3

26.2
19 4.36 0.57 

24 Feb  6040505.00 481867.96 0.28 0.57
0.60

0.64 20 4.47 0.58
26 Feb  6040504.97 481867.99 0.25 0.65 22.6 22 4.69 0.61
28 Feb  

 
6040504.99 
6040504.96 

481867.95
481867.89

0.27
0.

0.56 0.62
24 0.50 0.55 25.6 

25.3 24 4.90 0.64
01 Mar 5.00 0.65 

5.10 0.66 02 Mar 
03 Mar 

 
 

6040505.00 
6040504.98 

481867.88
481867.82

0.28
0.

0.49 26
26 0.43 0.50 31.2 

0.500.33 5.29 0.69 
5.48 0.71 06 Mar 

08 Mar 
 6040505.05 481867.85

481867.84
0.33 0.46

0.45
0.57 35.7

 6040505.10 0.38
0.

0.59 40.2 32 5.66 0.74
10 Mar  6040505.07 35 0.44 0.56 38.2 34 5.83 0.76
11 Mar  6040505.12 481867.77

481867.93
0.40
0.

0.38 0.55 46.5 35 5.92 0.77
12 Mar  6040504.98 26 0.54 0.60 25.7 36 6.00 0.78
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Ice 

Motion 
Data        

Trend 
analysis   

 OOOGURUK        0.13 
Date  North East Delta N Delta E Delta r Theta days days^0.5 trend line

6040505.05 0.33 0.72 0.79 24.6    
       
       

13 Mar  
 

481868.11 37 6.08 0.79
14 Mar 
15 Mar 

6040505.05 481868.25 0.33 0.86 0.92 21.0 38 6.16 0.80
 6040505.09 481868.34 0.37 0.95 1.02 21.3 39 6.24 0.81
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Appendix B3: Ice Motion Data for Natchiq Sea Ice Monument 

Ice 
Motion 
Data        Trend analysis 

         
Theta 

     
       
  0.04     

      
      
  -114.0   0.09 
      

6025638.56 485608.82      0.13 
6025638.54 485608.81  0.38 -141.0   0.14 
6025638.67 485608.94       
6025638.65 485608.76      0.15 

     0.15 
      

 
 NATCHIQ 0.03

Date  North East Delta N Delta E Delta r days
 

days^0.5 trend line
16 Feb  6025638.78 485609.11 0.00 0.00

0.00
0.00
0.02

#DIV/0! 0 0.00 0.00
18 Feb  6025638.80 485609.11 0.02 90.0 2

4
1.41 0.04

20 Feb 
22 Feb 

 6025638.80 485609.14 0.02 0.03 33.7 2.00 0.06
0.07 

 
6025638.87 
6025638.85 

485609.06
485609.10

0.09 
0.07 

-0.05 0.10 119.1
98.1

6 2.45
23 Feb -0.01 0.07

0.10
7 2.65 0.08

26 Feb  6025638.69 
6025638.56 

485609.07
485608.95

-0.09 -0.04 10 3.16
01 Mar  -0.22 -0.16 0.27

0.36
-126.0
-142.8

13 3.61 0.11
06 Mar  -0.22 -0.29 18 4.24
10 Mar  -0.24 -0.30 22 4.69
12 Mar  -0.11 -0.17 0.20 -147.1

-159.6
24 4.90 0.15

13 Mar  -0.13 -0.35 0.37 25 5.00
14 Mar  6025638.54 

6025638.36 
485608.60
485608.28

-0.24 -0.51 0.56
0.93

-154.8
-153.2

26 5.10
15 Mar  -0.42 -0.83 27 5.20 0.16
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Appendix C1:  Sea Ice Flow Monitoring for Oooguruk 

    OOOGURUK                   

DATE   ICE MON #1                   

NORTH EAST            

2.4.03   6040504.72 481867.39                 
                        

2.5.03   6040504.77 481867.21                 
               

2.7.03   6040504.70 481867.25                 
                        

2.8.03   6040504.68 481867.30                 
                        

6040504.77 481867.30                
                        

2.12.03   6040504.84 481867.46                 
                        

2.17.03   6040505.03 481867.63                 
                        

2.18.03   6040505.03 481867.66                 
                     

2.19.03   6040505.03 481867.71                 
                        

2.20.03   6040505.07 481867.63                 
                        

2.21.03   6040505.08 481867.74                 
                        

2.22.03   6040505.04 481867.83                 
     

2.23.03   481867.83    6040505.08              
                        

2.24.03    6040505.00 481867.96                
                        

2.26.03   6040504.97 481867.99                 
                        

2.27.03   6040504.85   481867.95               
                        

3.1.03   6040504.96 481867.89                 
                    

  6040505.00              
            

3.3.03   6040504.98 481867.82                 
                        

3.4.03     6040505.05 481867.77               
                        

3.6.03   6040505.05 481867.85                 
                

3.8.03   6040505.10 481867.84                 
                        

          

         

         

2.11.03    

   

                   

    

3.2.03 481867.88    
            

        

3.10.03   6040505.07 481867.83       
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    OOOGURUK        

DATE   ICE MON #1                 

NORTH            

           

  

         EAST 
  6040505.12 481867.77                 3.11.03 
                        

3.12.03         6040504.98 481867.93           
                        
  6040505.05 481868.11                 3.13.03 
                        

3.14.03   6040505.05 481868.25                 
            

3.15.03   6040505.09 481868.34               
          

3.16.03 481868.53                 
      

3.17.03   6040505.07 481868.44               
                       

3.18.03   6040505.11 481868.38                 
               

3.19.03   6040505.04 481868.44                 
                    
  6040505.04 481868.51                

              
3.22.03   6040505.06 481868.61               

                  
              

                      
3.27.03   6040505.19 481868.82       

            
  

             
  6040505.07 

                 
  

         

    
3.20.03  

         
  

      
3.24.03   6040505.09 481868.68   

  
        

                
              

                        
3.31.03   6040505.13 481868.76                 

                       
4.2.03   6040505.10 481868.73                 

                        
4.5.03   6040505.17 481868.71                 

                        
4.8.03   6040505.18 481868.66                 

                       
4.10.03   6040505.18 481868.68    Final Monitoring Date 4/10/03       

LAST MOVE   E 0.02                 
                        

TOTAL MOVE   ENE 1.37                 

  
        

3.29.03   6040505.12 481868.84   
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Appendix C2:  Sea Ice Flow Monitoring for Ivik Ice Island 

      IVIK                 

DATE   ICE MON #2                  

    NORTH EAST                 

2.5.03   6037409.60 476477.58                 
                        

6037409.29 476477.67                 
                        

2.8.03   6037409.45 476477.53                 
                        

2.11.03   6037409.49 476477.61                 
                        

6037409.72 476477.51                 
                        

2.17.03   6037410.82 476477.21                 
                        

  6037410.91 476477.01                 
                        

2.21.03   6037411.16 476476.86                 
                        

2.22.03   6037411.06 476476.85                 
                        

2.23.03   6037411.10 476476.76                 
                        

2.24.03   6037411.18 476476.68                 
                        

2.26.03   6037411.16 476476.61       
                    

2.28.03   6037411.11 476476.56                 
                        

3.1.03   6037411.18 476476.55                 
                        

3.2.03   6037411.17 476476.57                 
                        

3.3.03   6037411.17 476476.54                 
                        

3.4.03   6037411.13    476476.56              
                        

3.6.03   6037411.17 476476.54                 
                        

3.10.03   6037411.27 476476.55                 
                        

3.11.03   6037411.29 476476.51                 
                        

      
                        

6037411.23 476476.53               
                        

3.14.03   6037411.38 476476.37                 
                        

2.7.03   

2.12.03   

2.20.03 

          
    

3.12.03   6037411.20 476476.52           

3.13.03     
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    IVIK                   

DATE   ICE MON #2                  

    NORTH EAST                 

3.15.03   6037411.42 476476.30                 
     

6037411.48 476476.24                 
                        

3.18.03   6037411.44 476476.17                 
                        

3.19.03   6037411.44 476476.15                 
                        

3.20.03   6037411.48 476476.01                 
                        

3.22.03   6037411.64 476475.90                 
                      

3.24.03   6037411.69 476475.92                 
                        

3.27.03   6037411.85 476475.55                 
                        

3.29.03   6037411.95 476475.36                 
                

  
       

4.2.03   6037411.97 476475.57                 
                       

4.5.03   6037412.00 476475.49                 
                       

4.8.03   6037411.95 476475.50                 
                        

4.10.03   6037411.95 476475.54    Final Monitoring Date 4/10/03       
                        

LAST MOVE   E 0.04                 
                        

TOTAL MOVE   NW 3.11               

                   

3.17.03   

  

        

3.31.03   6037411.91 476475.48               
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C3:  Sea Ice Flow Monitoring for Natchiq 

        NATCHIQ               

  ICE MON #3A               

EAST               

2.16.03   6025638.78 485609.11                 
                        

2.18.03   6025638.80 485609.11                 
                 

2.20.03   6025638.80 485609.14                 
                        

2.22.03   6025638.87 485609.06                 
               

2.23.03   6025638.85 485609.10                 
               

  6025638.69 485609.07                 
          

3.1.03   6025638.56 485608.95                 
                      

485608.82                
                  

3.10.03   6025638.54 485608.81                 
                        

3.12.03   6025638.67 485608.94                 
                        

3.13.03     6025638.65 485608.76               
                      

3.14.03   6025638.54 485608.60                 
                        

3.15.03   6025638.36 485608.28                 
                        

3.16.03   6025638.51   485608.33               
                        

3.17.03   6025638.38 485608.10                 
                    

3.18.03   6025638.46 485608.25                 
                        

  6025638.48 485608.25         
                        

3.20.03   6025638.61 485608.19                 
                        

  6025638.47 485608.23               
                        

3.24.03         6025638.49 485608.18           
                        

3.27.03     6025638.48 485607.81               
                

3.29.03   6025638.47 485607.90                 
                        

3.31.03   6025638.38 485607.85                 
                  

DATE     

    NORTH   

       

         

         

2.26.03 
              

  

3.6.03   6025638.56  
      

  

    

3.19.03         

3.22.03   
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    NATCHIQ                   

DATE   ICE MON #3A                   

                    NORTH EAST 

4.2.03   6025638.29 485607.75               
                 

4.5.03   6025638.41 485607.87               
                        

4.10.03   6025638.35 485607.87      Final Monitoring Date 4/10/03     
                

LAST MOVE   S 0.06               
                      

        

  
      

  

        
  
  

TOTAL MOVE   WSW 1.31         
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APPENDIX D1:  ICE PAD STABILITY FOR IVIK 

Ivik Pad Motion 4 

  IVIK                

   
MOVE 

FROM LAST   
TOTAL 

MOVEMENT   
DATE NORTH EAST ELEV.  d N d E d Elev d Elev   d N d E

               
2003.02.20 6,034,850.80 477,060.23 19.27                

                     
2002.02.21 477,060.24 19.00  0.02 0.01 -0.27         

               
2003.02.22 6,034,850.77 19.01  -0.05 0.00 0.01   -0.26 477,060.24 -0.03 0.01

                  
6,034,850.82 477,060.22  -0.02 0.04   0.02 -0.01 -0.22 

            
2003.02.24 6,034,850.74 477,060.23 18.84  -0.08 0.01 -0.21   -0.06 0.00 -0.43 

            
18.85  0.01 0.01   0.01 -0.42 

                       
2003.02.28 6,034,850.72 477,060.28 -0.43 18.84  -0.04 0.04 -0.01   -0.08 0.05

                       
2003.03.01 6,034,850.68 477,060.20 18.47  -0.04 -0.08 -0.37   -0.12 -0.03 -0.80 

                   
18.73  0.08 0.02 0.26   -0.04 -0.01 -0.54 

              
2003.03.03 6,034,850.77 477,060.20  0.01 -0.02 0.05   -0.03 -0.03 -0.49 

                       
2003.03.04 6,034,850.84 477,060.27 19.20  0.07 0.07 0.42   0.04 0.04 -0.07 

                     
2003.03.06 6,034,850.85 477,060.29 18.85  0.01 0.02   0.05 0.06 -0.42 

      

    

  PAD MON 4         

        

  
6,034,850.82 

        

     
2003.02.23 19.05 0.05 

           

           
2003.02.26 6,034,850.76 477,060.24 0.02 -0.04 

    
2003.03.02 477,060.226,034,850.76 

         
18.78

  
-0.35 

                 
2003.03.10 6,034,850.77 477,060.23 18.67  -0.08 -0.06 -0.18   0.00 -0.60 -0.03 

                   
477,060.17 18.61  0.07 -0.06 -0.06   0.04 -0.06 -0.66 

                       
2003.03.12 6,034,850.72 477,060.24 18.56  -0.12 0.07 -0.05   -0.08 0.01 -0.71 

                       
2003.03.13 6,034,850.78 477,060.23 18.54  0.06 -0.01 -0.02   -0.02 0.00 -0.73 

                       
2003.03.14 6,034,850.77 477,060.19 18.56  -0.01 -0.04 0.02   -0.03 -0.04 -0.71 

    
2003.03.11 6,034,850.84 
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  IVIK                

   
MOVE 

FROM LAST   
TOTAL 

MOVEMENT   
DATE NORTH EAST ELEV.  d N d E d Elev d Elev   d N d E

               

    

  PAD MON 4         

        
                       

2003.03.15 6,034,850.79 477,060.17 18.64  0.02 -0.02 0.08   -0.01 -0.06 -0.63 
                       

2003.03.17 6,034,850.73 477,060.19 18.60  -0.06 0.02 -0.04   -0.07 -0.04 -0.67 
                       

2003.03.18 6,034,850.78 477,060.22 18.68  0.05 0.03 0.08   -0.02 -0.01 -0.59 
                 

6,034,850.81 477,060.23 18.64  0.03 0.01 -0.04   0.01 0.00 -0.63 
                       

2003.03.20 6,034,850.70 477,060.15 18.79  -0.11 -0.08 0.15   -0.10 -0.08 -0.48 
                       

2003.03.22 6,034,850.71 477,060.22 18.32  0.01 0.07 -0.47   -0.09 -0.01 -0.95 
                       

2003.03.24 6,034,850.74 477,060.18 18.52  0.03 -0.03 0.20   -0.06 -0.05 -0.75 
                       

2003.03.27 6,034,850.76 477,060.15 18.46  0.02 -0.04 -0.06   -0.04 -0.08 -0.81 
             

2003.03.29 6,034,850.67 477,060.12 18.67 -0.09 -0.03 0.21  -0.13 -0.11 -0.60 
          

2003.03.31 6,034,850.64 477,060.20 18.34 -0.03 0.08 -0.33  -0.16 -0.03 -0.93 
            

2003.04.02 6,034,850.84 477,059.98 18.54 0.20 -0.22 0.20  0.04 -0.25 -0.73 
          

2003.04.05 6,034,850.67 477,060.15 18.24 -0.17 0.17 -0.30  -0.13 -0.08 -1.03 
            

2003.04.08 6,034,850.74 477,060.13 18.43 0.07 -0.02 0.19  -0.06 -0.10 -0.84 
            

2003.04.10 6,034,850.70 477,060.14 18.34 -0.04 0.01 -0.09  -0.10 -0.09 -0.93 
            

  Final Monitoring Date 4/10/03     
                      

      
2003.03.19 
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Ivik Pad Motion 5 

  IVIK                    

  PAD MON 5      
MOVE FROM 

LAST       
TOTAL 

MOVEMENT     
DATE NORTH EAST ELEV.  d N d E d Elev   d N d E d Elev

           
6,035,097.95 476,791.93 18.26                

                       
2002.02.21 6,035,097.91 476,791.93 17.99  -0.04 0.00 -0.27         

                       
2003.02.22 6,035,097.84 476,791.91 18.12  -0.07 -0.02 0.13   -0.11 -0.02 -0.14 

                    
2003.02.23 6,035,097.92 476,791.93 18.22  0.08 0.02 0.10   -0.03 0.00 -0.04 

                    
2003.02.24 6,035,097.87 476,791.95 18.02  -0.05 0.02 -0.20   -0.08 0.02 -0.24 

                       
2003.02.26 6,035,097.86 476,791.94 18.06  -0.01 -0.01 0.04   -0.09 0.01 -0.20 

                       
2003.02.28 6,035,097.78 476,791.93 18.12  -0.08 -0.01 0.06   -0.17 0.00 -0.14 

                       
2003.03.01 6,035,097.82 476,791.95 17.68  0.04 0.02 -0.44   -0.13 0.02 -0.58 

                       
2003.03.02 6,035,097.85 476,791.92 17.94  0.03 -0.03 0.26   -0.10 -0.01 -0.32 

                       
2003.03.03 6,035,097.87 476,791.90 17.87  0.02 -0.02 -0.07 -0.08 -0.03 -0.39   

                     
2003.03.04 6,035,097.88 476,791.99 17.86  0.01 0.09 -0.01   -0.07 0.06 -0.40 

                       
2003.03.06 6,035,097.96 476,791.95 17.85  0.08 -0.04 -0.01   0.01 0.02 -0.41 

                       
2003.03.10 6,035,097.96 476,789.81 17.73  0.00 -2.14 -0.12   0.01 -2.12 -0.53 

                 
17.62  -0.06 

                       
2003.03.12 6,035,097.89 476,791.95 17.55  -0.01 0.06 -0.07   -0.06 0.02 -0.71 

                       
2003.03.13 6,035,097.88 476,791.92 17.72  -0.01 -0.03 0.17   -0.07 -0.01 -0.54 

                       
 6,035,097.86 476,791.89 17.67  -0.02 -0.03 -0.05   -0.09 -0.04 -0.59 

                       
2003.03.15 6,035,097.89 476,791.90 17.83  0.03 0.01 0.16   -0.06 -0.03 -0.43 

               
2003.03.17 6,035,097.84 476,791.89  -0.01 -0.21 17.62 -0.05   -0.11 -0.04 -0.64 

            
2003.02.20 

  

      
2003.03.11 6,035,097.90 476,791.89 2.08 -0.11   -0.05 -0.04 -0.64 

2003.03.14
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  IVIK                    

  PAD MON 5      
MOVE FROM 

LAST       
TOTAL 

MOVEMENT     
DATE NORTH EAST ELEV.  d N d E d Elev   d N d E d Elev

                       
 6,035,097.84 476,791.92 17.82  0.00 0.03 0.20   -0.11 -0.01 -0.44 

                       
2003.03.19 6,035,097.86 476,791.95 17.89  0.02 0.03 0.07   -0.09 0.02 -0.37 

                       
2003.03.20 6,035,097.73 476,791.87 17.63  -0.08 -0.26   -0.22 -0.06 -0.63 -0.13 

               
-0.17 

  
2003.03.24 6,035,097.77 476,791.97 17.65  -0.01 0.02 -0.02   

                 
2003.03.27 6,035,097.77 476,791.96 17.62  0.00 0.00 -0.03   -0.18 0.03 -0.64 

              
 476,791.80 17.69 -0.01 -0.16 0.07   -0.19 -0.13

         
2003.03.31 6,035,097.87 476,791.88 18.19 0.11 0.08 0.50   -0.08 -0.05 -0.07 

             
2003.04.02 6,035,097.82 476,791.84 17.46 -0.05 -0.04 -0.73   -0.13 -0.09 -0.80 

             
2003.04.05 6,035,097.69 476,791.98 17.52 -0.13 0.14 0.06   -0.26 0.05 -0.74 

             
2003.04.08 6,035,097.85   -0.03 476,791.90 17.65 0.16 -0.08 0.13 -0.10 -0.61 

        
2003.04.10 6,035,097.74 476,791.96 17.53 -0.12 -0.11 0.06  -0.21 0.03 -0.73 

             
 Final Monitoring Date 4/10/03      

                       

2003.03.18

        
2003.03.22 6,035,097.78 476,791.94 17.67  0.05 0.07 0.04   0.01 -0.59 

                     
-0.18 0.04 -0.61 

      

2003.03.29 6,035,097.76 -0.57 
    

     

   

 

Pioneer Natural Resources Ltd., Thetis Ice Island D - 4 
242013, 31 October 2003 



 
 
Appendix D2:  Ice Pad Stability Survey for Oooguruk 

Oooguruk Pad Motion 9 
 

        OOOGURUK         
PAD MON 9  MOVE FROM LAST  TOTAL MOVE 

DATE NORTH EAST ELEV.  d N d N d E d Elev  d E d Elev
                  

3/10/2003 6,042,289.33 479,674.83 18.87               
                      

6,042,289.44 479,674.83 18.81  0.11 0.00 -0.06      
             

3/12/2003 6,042,289.36 479,674.85 -0.08 0.02 -0.20  18.61  0.03 0.02 -0.26
                      

0.02 0.02  0.07 0.04 -0.24
                      

3/14/2003 6,042,289.38 479,674.87 18.59  -0.02 0.00 -0.04  0.05 0.04 -0.28
                

479,674.89 18.55  0.00 -0.04  0.05 0.06 -0.32
                      

6,042,289.48 479,674.93 18.57  0.10 0.04 0.02  0.15 0.10 -0.30
                  

3/17/2003 6,042,289.37 479,674.89 18.49  -0.11 -0.04 -0.08  0.04 0.06 -0.38
                  

6,042,289.35 479,674.90 18.46  -0.02 -0.03  0.02 0.07 -0.41
                      

6,042,289.35 479,674.95 18.43  0.00 0.05 -0.03  0.02 0.12 -0.44
                  

2003.03.20 6,042,289.04 479,674.65 18.71  -0.31 -0.30 0.28  -0.29 -0.18 -0.16
                    

6,042,288.99 479,674.67 18.63  -0.05 -0.08  -0.34 -0.16 -0.24
                  

2003.03.24 6,042,289.33 479,674.95 18.24  0.34 0.28 -0.39  0.00 0.12 -0.63
                 

2003.03.27 6,042,289.35 479,674.96 18.16  0.02 0.00 -0.08  0.02 0.12 -0.71
                      

2003.03.29 6,042,289.37 479,674.97 18.26  0.02 0.01 0.10  0.04 0.14 -0.61
      

479,674.91  -0.06 -0.16  0.08 -0.77
                    

2003.04.02 6,042,289.42 0.18  479,674.88 18.33  -0.03 0.23 0.09 0.05 -0.54
                      

    Final Monitoring Date 4/2/03        

  

    

3/11/2003   
         

3/13/2003 6,042,289.40 479,674.87 18.63  0.04

      
3/15/2003 6,042,289.38 0.02

3/16/2003 
    

    
3/18/2003 0.01

3/19/2003 
    

  
2003.03.22 0.02

    

     

                
2003.03.31 6,042,289.24 18.10 -0.13 -0.09 
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  OOOGURUK               
  PAD MON 9  MOVE FROM LAST  TOTAL MOVE 

DATE NORTH EAST ELEV.  d N d E d Elev  d N d E d Elev
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Oooguruk Pad Motion 10 
 

  OOOGURUK               
  PAD MON 10  MOVE FROM LAST  TOTAL MOVE 

DATE NORTH EAST ELEV.  d N d Elev  d N d E d E d Elev
                    

20.8             
                      

3/11/2003 6,042,628.90 0.02        479,526.08 20.70  0.04 -0.08
                      

3/12/2003 6,042,628.88 479,526.01 20.7  -0.03 -0.11-0.02 -0.07  0.00 -0.03 
                      

3/13/2003 6,042,628.94 479,526.12 20.7  0.06 0.11 -0.02  0.06 0.08 -0.13
                      

3/14/2003 6,042,628.89 479,526.06 20.6  -0.05 -0.06 -0.02  0.01 0.02 -0.15
             

3/15/2003 6,042,628.86 -0.03 -0.01 0.00  -0.02 479,526.05 20.6  0.01 -0.15
                  

479,526.13 20.6 0.10 0.09 
                

 

 
 
 
 
 

 
 
 

 
 

 
 
 

  
3/10/2003 6,042,628.88 479,526.04   

         

    
3/16/2003 6,042,628.98  0.12 0.08 0.01  -0.14

      
3/17/2003 6,042,628.94 479,526.06 20.5  -0.04 -0.07 -0.13  0.06 0.02 -0.27

                     
 -0.01 0.07 0.09 -0.29

                      
20.5  0.01 -0.04 0.00 0.06 0.05 

            
2003.03.20 6,042,628.67 479,525.81 21  -0.27 -0.21 -0.23 0.19-0.28 0.48 

                     
-0.08 0.10 -0.29 -0.13 -0.27

                      
2003.03.24 6,042,628.89 479,526.09 20.3  0.30 0.18 -0.19 0.01 0.05 

                
2003.03.27 6,042,628.94 479,526.10 20.1  0.06 0.01 0.06 -0.18 0.06 -0.64

      
2003.03.29 6,042,628.94 479,526.05 20.1  0.00 -0.05 -0.09 0.06 0.01 -0.73

                     
2003.03.31 6,042,628.90 479,526.07 20.2  -0.04 0.02 0.18  -0.550.02 0.03 

                     
2003.04.02 6,042,628.97 479,526.07 20.30  0.07 0.00 0.07 0.09 0.03 -0.48

                 
      Final Monitoring Date 4/2/03        
                      

 

3/18/2003 6,042,628.93 479,526.13 20.5 -0.02  0.05 

3/19/2003 6,042,628.94 479,526.09 -0.29
         

2003.03.22 6,042,628.59 479,525.91 20.5  -0.46

-0.46
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Appendix D3:  Ice Pad Stability Survey Natchiq 

Natchiq Pad Motion 6 
 

  NATCHIQ                  

   
MOVE FROM 

LAST     
TOTAL 

MOVEMENT     
d E d Elev d N d E d Elev 

                     
2003.03.09 6,023,878.52 487,595.84 20.55              

  

  
  
  
  

                       
2003.03.10 6,023,878.41 487,595.83 20.35  -0.11 -0.01 -0.20         

                       
2003.03.12 6,023,878.42 487,595.77 20.33  0.01 -0.06 -0.02   -0.10 -0.07 -0.22 

                       
2003.03.13 6,023,878.39 487,595.80 20.29  -0.03 0.03 -0.04   -0.13 -0.04 -0.26 

                       
2003.03.15 6,023,878.42 487,595.73 20.23  0.03 -0.07 -0.06   -0.10 -0.11 -0.32 

                       
2003.03.17 6,023,878.35 487,595.64 N/A  -0.07 -0.09 N/A   -0.17 -0.20 N/A 

                       
2003.03.18 6,023,878.36 487,595.73 20.18  0.01 0.09 -0.05   -0.16 -0.11 -0.37 

                       
2003.03.19 6,023,878.37 487,595.72 20.26  0.01 -0.01 0.08   -0.15 -0.12 -0.29 

                       
2003.03.20 6,023,878.35 487,595.69 20.45  -0.02 -0.03 0.19   -0.17 -0.15 -0.10 

                       
2003.03.22 6,023,878.38 487,595.77 20.04  0.03 0.08 -0.41   -0.14 -0.07 -0.51 

                       
2003.03.24 6,023,878.40 487,595.78 20.15  0.02 0.01 0.11   -0.12 -0.06 -0.40 

                       
2003.03.27 6,023,878.44 487,595.82 19.73  0.04 0.04 -0.42   -0.08 -0.02 -0.82 

                       
2003.03.29 6,023,878.49 487,595.77 20.15  0.05 -0.05 0.42   -0.03 -0.07 -0.40 

                       
2003.03.31 6,023,878.36 487,595.70 19.87  -0.13 -0.07 -0.28   -0.16 -0.14 -0.68 

                       
2003.04.02 6023878.609 487596.07 20.34  0.25 0.37 0.47   0.09 0.23 -0.21 

                       

  PAD MON 6   
DATE NORTH EAST ELEV.  d N 
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Natchiq Pad Motion 7 
 

  NATCHIQ                    

  PAD MON 7      
MOVE 

FROM LAST       
TOTAL 

MOVEMENT     
DATE NORTH EAST ELEV.  d N d E d Elev   d N d E d Elev 

                        
2003.03.09 6,023,474.74 487,371.97 22.43                 

                        
2003.03.10 6,023,474.56 487,371.98 22.20   -0.18 0.01 -0.23         

                        
2003.03.12 6,023,474.50 487,371.84 22.51   -0.06 -0.14 0.31   -0.24 -0.13 0.08 

                        
2003.03.13 6,023,474.66 487,371.98 22.32   0.16 0.14 -0.19   -0.08 0.01 -0.11 

                        
2003.03.15 6,023,474.65 487,371.89 22.24   -0.01 -0.09 -0.08   -0.09 -0.08 -0.19 

                        
2003.03.17 6,023,474.56 487,371.75 N/A   -0.09 -0.14 N/A   -0.18 

              
2003.03.18 6,023,474.55 487,371.87 22.32   -0.01 0.12 0.08   -0.19 -0.10 -0.11 

                        
2003.03.19 6,023,474.56 487,371.84 22.45   0.01 -0.03 0.13   -0.18 -0.13 0.02 

                        
2003.03.20 6,023,474.53 487,371.78 22.23   -0.03 -0.06 -0.22   -0.21 -0.19 -0.20 

                        
2003.03.22 6,023,474.67 487,371.94 22.29   0.14 0.16 0.06   -0.07 -0.03 -0.14 

                        
2003.03.24 6,023,474.65 487,371.92 22.35   -0.02 -0.01 0.06   -0.09 -0.05 -0.08 

                        
2003.03.27 6,023,474.62 487,371.93 22.25   -0.03 0.01 -0.10   -0.12 -0.04 -0.18 

                        
2003.03.29 6,023,474.58 487,372.01 22.14  -0.04 0.08 -0.11   -0.16 0.04 -0.29 

                       
2003.03.31 6,023,474.48 487,372.06 22.15  -0.10 0.05 0.01   -0.26 0.09 -0.28 

                 
2003.04.02 6023474.506 487371.91 22.14  0.03 -0.15 -0.01   -0.23 -0.06 -0.29 

             

-0.22 N/A 
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Natchiq Pad Motion 8 
 

  NATCHIQ                

  PAD MON 8      
MOVE THIS 

SURVEY     
DATE NORTH EAST ELEV.  d N d E d Elev   d N d E d Elev

                       
6,023,223.37 487,610.46 23.37                

                       
2003.03.10 6,023,223.33 487,610.45 23.16  -0.04 -0.01 -0.21         

                       
0.11 0.12 0.09   0.07 0.11 -0.12

                       
2003.03.15 6,023,223.36 487,610.37 23.53  -0.08 -0.20 0.28   -0.01 -0.09 0.16 

                       
2003.03.17 6,023,223.31 N/A  487,610.35 N/A  -0.05 -0.02 N/A   -0.06 -0.11

                       
2003.03.18 6,023,223.27 487,610.45 23.16  -0.04 0.10 -0.37   -0.10 -0.01 -0.21

                       
2003.03.19 6,023,223.24 487,610.43 23.39  -0.03 -0.02 0.23   -0.13 -0.03 0.02 

                       
2003.03.20 6,023,223.33 487,610.39 23.40  0.09 -0.04 0.01   -0.04 -0.07 0.03 

                       
2003.03.22 6,023,223.36 487,610.47 23.16  0.03 0.08 -0.24   -0.01 0.01 -0.21

                       
2003.03.24 6,023,223.37 487,610.42 23.23  0.01 -0.05 0.07   0.00 -0.04 -0.14

                       
-0.09   -0.01 0.03 -0.23

                       
6,023,223.33 487,61 0.00 

               
2003.03.31 6,023,223.30 487,610.44 23.20  -0.03 -0.01   -0.02-0.17 -0.07 -0.17

                       
2003.04.02 6023223.35 487610.29 23.29  0.05 -0.15 0.09   -0.02 -0.17 -0.08

                       
                       

  TOTAL MOVEMENT

2003.03.09 

2003.03.13 6,023,223.44 487610.57 23.25  

2003.03.27 6,023,223.36 487,610.49 23.14  -0.01 0.07 

2003.03.29 0.45 23.37  -0.03 -0.04 0.23   -0.04 -0.01
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Appendix  D4 : Island and Road Temperatures 
 

Temperatures Oooguruk West Side
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Temperatures Oooguruk at Cellar
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Natchiq Ice Temp - Beside Cellar
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Natchiq Ice Temp on West Side
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Natchiq Ice Road
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THREE WELLS FROMTHREE WELLS FROM
THREE ICE ISLANDSTHREE ICE ISLANDS

Harrison Bay, AlaskaHarrison Bay, Alaska
December 2002 December 2002 –– April 2003April 2003
Pioneer Natural ResourcesPioneer Natural Resources
Sandwell Engineering Inc.Sandwell Engineering Inc.

ByBy
D. M. MastersonD. M. Masterson

P. A. SpencerP. A. Spencer
W. P. GrahamW. P. Graham



OVERVIEW

Location in Harrison Bay Alaska, Prudhoe Bay
20 miles of grounded ice road constructed
3 ice islands constructed from sprayed and chipped 
ice
3 well successfully drilled on IVIK, NATCHIQ & 
OOOGURUK
2 Rigs 27E and NORDIC 3



PARTICIPANTS

CLIENT : PIONEER DRILLING
DESIGN & QC: SANDWELL ENGINEERING
PROJECT MANAGEMENT : NATCHIQ
CONSTRUCTION : AIC, PEAK, CATCO
SURVEYING : LOUNDSBURY & Associates
NABORS RIG 27E
NORDIC RIG 3



PROJECT MILESTONES

ISLAND DESIGN : Late December 2002
START OF FIELD WORK : Early January 2003
DRILL RIG 27E ON IVIK : 19 February 2003
DRILL RIG 27E OOOGURUK : 14 March 2003
DRILL RIG NORDIC 3 ON NATCHIQ : 16 March 2003
EQUIPMENT OFF ICE : 03 April 2003
APPROXIMATE CONSTRUCTION COST $14,000,000



PROJECT MAP



PROJECT SCHEDULE



ISLAND DESIGNISLAND DESIGN



WATER DEPTH

14 ft.12 ft.Oooguruk

12 ft.10 ft.Ivik

9.5 ft.7.5 ft.Natchiq

DESIGN DEPTHCHART DEPTHLOCATION



ISLAND CROSS SECTION

Island/Seabed Shear Resistance
= W tan(phi)

Island Diameter

Natural Ice
Thickness

Lateral
Ice Force Seabed

Freeboard

Water
Depth

Below Water
Taper Width

Above Water
Taper Width

W = Weight of Ice



ISLAND PARAMETERS

Island Working Surface Diameter : 600 ft
Island Volume : 325,000 yd^3  to 360,000 yd^3
Spray ice minimum density : 39 lb/ft^3
Design Level Ice Thickness : 5.0ft
Storm Surge allowance : 2.0 ft



IVIK ISLAND GEOMETRY



ROAD CONSTRUCTIONROAD CONSTRUCTION



FROM OLIKTOK POINT ONTO SEA ICE



CATCO FLOODER



THICKENING ICE



FLOODED ROAD



ICE CHIPPER (1)



ICE CHIPPER (2)



CHIPPED ICE DETAIL



LOADING CHIPS



DUMPING, GRADING, WATERING CHIPS



DUMPING CHIPS on IVIK RAMP



CRACKS NEXT TO GROUNDED ROAD to IVIK



PROFILING ROAD with hot water
THERMO-DRILL



ISLAND CONSTRUCTIONISLAND CONSTRUCTION



CONSTRUCTION MONITORING

Item Number of 
sites

Frequency

Constructed 
Volume/Shape

Build-up stakes Every day

Ice Temperature 1 Vertical 
profile

Every day

Density/Salinity 1 Core Every other day

Pump operation 
parameters

All pumps Every Day



ROLLIGON 3000 gpm Spray Unit



5000 gpm CATCO PUMP



AIC 3500 gpm PUMP (1)



AIC 3500 gpm PUMP (2)



OOOGURUK CONSTRUCTION (1)OOOGURUK CONSTRUCTION (1)



SAMPLE CORING on IVIK (1)



SAMPLE CORING on IVIK (2)



SAMPLE ICE CORES



SPRAY ICE DENSITY
SPRAY ICE DENSITY FROM IVIK, OOOGURUK, NATCHIQ
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GRADING OOOGURUK (1)



GRADING OOOGURUK (2)



OOOGURUK CONSTRUCTION (2)



NATCHIQ (1)



ISLAND BUILDISLAND BUILD--UPSUPS

ISLAND MEAN ELEVATION : SURVEY DATA
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DRILLINGDRILLING



RIG 27E Ready to move



VECO on NATCHIQ



IVIK CELLARIVIK CELLAR



RIG 27E on IVIK



IVIK March 16IVIK March 16



NORDIC 3 Moving (1)



NORDIC 3 Moving (2)



NORDIC 3 ROAD DAMAGE (1)



NORDIC 3 ROAD DAMAGE (2)



OTHER EQUIPMENTOTHER EQUIPMENT



CATCO LATV



CATCO RD85CATCO RD85



WATER TRUCK



LUNCHTIME AIC TRUCKS



LUNCHTIME PEAK TRUCKS



GOOD DAY FOR A DRIVE



ISLAND PERFORMANCEISLAND PERFORMANCE



ISLAND SETTLEMENTISLAND SETTLEMENT
IVIK ELEVATION SURVEY
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ICE TEMPERATURES
Natchiq Ice Temp - Beside Cellar
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SEA ICE MOVEMENT
NET MOVEMENT VECTORS
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AIR TEMPERATURE



BAROMETRIC PRESSURE



WIND SPEED & DIRECTION



SANDWELL FIELD TEAMSANDWELL FIELD TEAM

Dan Masterson
Paul Spencer
Bill Graham
Jim Singletary
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